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(54) Decoding colour video signals for display 

(57) A video display apparatus receives a transmitted colour video signal coded using three system primaries 
Rs, Gs, Bs and decodes the signal for display on a device using four display primaries. The four display 
primaries are independent, in that no display primary can be expressed as a combination of another two 
display primaries, and so define a quadrilateral in a chromaticity diagram. A fifth, imaginary display primary is 
determined as a linear combination of the third and fourth display primaries and trie quadrilateral divided into 
triads defined respectively by the first fourth and fifth, first, fifth and second, and second, fifth and third 
display primaries. The received video signal is decoded by three matrix arithmetic units 12, 14, 16, one for 
each triad, and drive signals for the first to fourth display primaries calculated. For each pixel, an arithmetic 
unit output producing no negative display drive signals is then selected and its output switched by switches 
20, 22, 24 to drive a four-primary display device 2. 

This arrangement improves colour rendition in HDTV systems, and the 4 display primary colours are 
R(620nm), B(460nm), G(514nm) and G(540nm). 
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This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1990. 
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METHOD AND APPARATUS FOR DECODING 
COLOUR VIDEO SIGNALS FOR DISPLAY 

This invention relates to a method and apparatus for 
decoding colour video signals for display. 

The colorimetry of television displays has been a 
relatively stable field, in which there have been fairly 
few developments since the move from black-and-white to 
colour in the late 1960s. Recently, however, there has 
been a resurgence of interest in research associated with 
television colorimetry, prompted by the development of new 
HDTV standards. A possible colorimetric coding system has 
been proposed in BBC Research Department Report 1990/2 
published by BBC Research Department, Kingswood Warren, 
Tadworth, Surrey KT20 6NP, England, which describes a 
television system having one or more system primaries which 
cannot be realised in a practical display device because 
they are spectral or super- spectral . This system provides 
for a wider colour gamut and the use of true constant - 
luminance operation without unduly sacrificing 
compatibility with existing CRT (cathode ray tube) display. 
Thus, it would be possible to introduce a new HDTV or 
enhanced PAL service, operating with the improved 
colorimetric coding, without introducing excessive colour 
errors into the pictures displayed by receivers already in 
use. 

In addition, the use of a coding method having a 
degree of compatibility with present-day displays results 
in the ability to monitor the pictures produced in the 
television studio while minimising the additional 
complexity that must be introduced into the display to 
achieve the necessary accuracy. 

A display monitor in such a system is able to 
reproduce accurately the range of colours coded by the new 
system only within the triangle defined by its display 
phosphors. The gamut of the system itself, however, is 
considerably larger than this, and embraces all of the 
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presently-available real surface colours and a substantial 
proportion of the complete colour spectrum. if full 
advantage is eventually to be taken of this enlarged colour 
gamut, it will be necessary to develop new display 
techniques able to reproduce a wider range of colours. 

The invention provides a method and apparatus as 
defined in the appendant independent claims. Preferred 
features of the invention are defined in the dependent 
subclaims . 

in a television system having one or more system 
primaries which cannot be realised in a practical display 
device because they are spectral or super- spectral, using 
the method and apparatus according to the invention it may 
be possible to display much of the colour gamut of the 
system by using more independent display primaries than 
independent transmission primaries (independent meaning 
that no primary can be matched by a combination of positive 
multiples of the other primaries) . 

At the present time, such an option could only be 
achieved in a CRT display by reducing the size of the mask 
apertures in the CRT shadow mask, and hence might be at the 
expense of a reduced electron-beam transmission efficiency 
All other factors being equal, this could result in a 
lower light output; in addition, phosphors of the correct 
chromaticity would need to be manufactured, bearing in mind 
the other parameters (for example, low lag) that must be 
satisfied at the same time. This situation may not 
always persist, however. Projection displays (even those 
based on CRTs) are subject to different constraints to 
shadow-mask displays; use of four or more, rather than 
three, display tubes may even enhance the final brightness 
under these circumstances. Liquid- crystal displays, 
whether projection or direct-view, rely on an external 
source for the production of the emitted light, the colour 
being determined by suitable optical filtering. 
Illumination is either broadband or else by a series of 
narrow spectral lines produced by discharge lamps or 
phosphor excitation. Such techniques can allow a much 
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freer choice of display colour parameters. For example, 
Figure 1 shows the characteristics of four colour filters 
which, when used to shape the wavelength spectrum produced 
by a normal quartz -halogen light source, are capable of 
producing primaries very close to the wavelengths 46 0, 514, 
540 and 620 nm. 

The selection of the colour primaries for an 
enhanced- colour-gamut display is only the first step in the 
complete process, however. It is also necessary to 
decode the incoming television signal into the drive 
signals for each of the display colours. This presents an 
interesting mathematical" exercise, since there are only 
three incoming signal components - the luminance and two 
colour difference signals - from which it is necessary to 
derive, for example, four display signals. The process is 
therefore equivalent to solving three simultaneous 
equations in four unknowns and, in general, there are an 
infinite number of possible ways of achieving any 
particular displayed colour within the permissible gamut. 

In order to define a unique set of display drive 
voltages for each incoming combination of RYB signals, 
therefore, it is necessary to impose an additional, 
somewhat arbitrary, set of constraints. A number of 
examples of such constraints and the solutions to which 
they lead are set out herein in the descriptions of 
specific embodiments of the invention. 

Specific embodiments of the invention will now be 
described by way of example, with reference to the figures 
in which: - 

Figure 1 shows the characteristics of four colour 
filters for filtering a quartz -halogen light source to 
produce four primaries; 

Figure 2 is a CIE diagram showing the system 
primaries and white point for the HD (High Definition) 
Eureka system; 

Figure 3, is the CIE diagram of Figure 2, also 
showing two green display primaries; 

Figure 4 shows a block diagram of an implementation 
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of a 4 -primary display; 

Figure 5 is a CIE diagram showing three green 
display primaries, one being a linear mixture of the other 
two; 

Figure 6 shows a decoding circuit for decoding four 
display drive signals; 

Figure 7 is a CIE diagram showing the regions 
outside the colour quadrilateral of Figure 5; and 

Figure 8 shows region 4 of Figure 7 in more detail. 

Introductory theory 

The three primaries of a proposed High Definition 
television system known as the Eureka system are shown in 
Figure 2 which is a CIE 1931 chromaticity diagram, together 
with the spectrum locus and the balance point, D65, at 
which the three system primary signals are all equal to 
unity. The red is sited at S20 nm, blue at 460 nm. it 
can be seen that the "green- primary is unreal and 
therefore cannot be displayed by ANY means. For display 
purposes only this non-real transmission green may be 
replaced with two real greens, and the necessary four 
primary analysis applied to drive the four real primaries. 
The two greens chosen for this exercise are shown in Figure 
3 as Green 1 at 540 nm and Green 2 at 514 nm. These 
wavelengths were chosen to maximise the displayable colour 



area. 



The colour equation of a display using the system 
primaries is shown in Equation la which relates the system 
signals Rs Gs and Bs to the tristimulus values of the 
emitted light, X Y and Z 

[X] [ ] [Rs] 
[Y] = [ Ms ] . [Gs] 

IZJ [ 3 [Bs] la 
where the values X Y and Z are the tristimulus values of 
the light in the CIE 1931 colour space. Any other colour 
space can be used, CIE 1931 is convenient since the Y 
signal represents the true luminance of the colour in 
question. 

The system matrix [Ms] is a 3 by 3 matrix of the 
tristimulus values of the system primaries in CIE 1931 
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space, which is derived by standard means as shown below in 
Section 2. The relationship between the system signals 
and the light entering a theoretical camera using these 
system primaries is: 

[RsJ [ J-i [X] 
[Gs] = [ Ms ] . [Y] 
[Bs] [ ] [Z] 

[ ] [X] 
= [ Mt ] . [Y] ib 
I ] [Z] 

The transmission matrix [Mt] is another 3 by 3 
matrix, of the tristimulus values of the CIE primaries in 
the colour space defined by the system primaries Rs Gs 
and Bs. 

The analysis of a four primary display is 

strictly insoluble, Equation lc shows the relationships 

between light output and display primaries: 

[X] [ ] [ R d ] 
[Y] = [ Md ] . [Gld] 

[Z] [ ] [G2d] ic 
[ Bd] 

The matrix, [Md] , is a 3 by 4 matrix of the 
tristimulus values of the display primaries, again in CIE 
1931 colour space. Thus Equation lc can be expanded into 
Equation Id: 

[X] [Xr Xgl Xg2 Xb] [ Rd] 

[Y] = [Yr Ygl Yg2 Yb] . [Gld] 
[Z] [Zr Zgl Zg2 zb] [G2d] id 

[ Bd] 

The tristimulus values of the display primaries 
are not known at this stage, but they are linearly related 
to the chromaticity coordinates of the primaries in the CIE 
1931 colour space, thus Equation id expands to become 
Equation le: 

[X] [l*xr ml*xgi m2*xg2 n*xb] [ Rd] 

[Y] = [l*yr ml*ygl m2*yg2 n*yb] . [Gld] 
[Z] [l*zr ml*zgl m2*zg2 n*zb] [G2d] le 

[ Bd] 

The linear scalers l,ml,m2 and n can be found by 
balancing the system to its white point. In this instance 
the white point is illuminant D65, thus at the balance 
point : 
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[Xw] [l*xr ml*xgl m2*xg2 n*xb] [l] 
[Yw] = [l*yr ml*ygl m2*yg2 n*yb] [l] 
[Zw] [l*zr ml*zgl m2*zg2 n*zb] [l] if 

[1] 

This equation presents a problem since there are 
four unknowns and only three equations, thus there is an 
infinite number of solutions. An aspect of the present 
invention provides a method of overcoming this problem. 
The method involves dissecting the colour quadrilateral 
into overlapping or non-overlapping triangles. 
2 • Standard three-primary analysis method 

For a conventional tri-colour system in which 

the system and display use the same set of primaries, the 

relationships between light input, transmission signals and 

light output are shown in Equations la and lb above. In 

order to derive the system matrix [Ms] it is necessary to 

invoke a fourth colour at which the system signals are all 

equal to unity (Rs=Gs=Bs=l) , thus the display equation: 

[X] = [ ] [Rs] 
m t Ms ] . [Gs] 
[Z] ■ [ ] [Bs] 

becomes, at balance: 
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fXw) 
[Ywj = 
tZw] 



) fl 
Ms ] . [1 

J [1 



m^^rrgr^Jtt «- » *** or 

whach states that any colouTcan" bfnScnS 0n f '* laws, 

othsr colours provided that nS of Sese^vi T^L^^ g three 
the other two colours te matched by linearly 

te^'S^ ° f «» values of «. 

[Xw] [Xr Xg Xb] fl] 
[Yw] = [y r Y g Yb] . [1] 
tZw] [ 2r Zg Zb] [l] 

[Xwj [i*xr m * xg 

7w = n 1 !^ m * yg n *y b] • in 

izwj [l*zr m*2g n *zb] Ml 

J 2d 

5SL 'three^ ^SSSSS-SSS^ g^onality. ^ ation 2d 

inverse of the resulting^aS S^TSe^l^-^ 3 te Solved - The 

ib. y errix ^ives Jie transnassion matrix for Elation 

SpSy^LSS^ iTlA\™t S J£° £ values of the 

the luminance equation lor tEjfZS^" 1 ^* of *»» -trix defines 
practical display device to ^hT,-?f * The act of "balancing" a 

display prtmgiZ SSS Snta^^S? 1 * {D65 > . results in the Ltual 
value in toe lunimiK=e ~ "^SK £ Sjs" 1 ^ 

the display primaries^and a SaStef LSf? P f**^< the other for 
as shown below. transfer matrix is derived by multiplication, 



For the system primaries: 



1 (Z) 2e 



[ 

For the display primaries: 

s ■ i - 1 ■ e si- 1- r is ,. 

And the relationship between them is: 



fS ] ( J-l fRs] 

fBd) [ J C ] IBS] 



2g 
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The matrix product can be evaluated as a transfer matrix [Mx] by 
conventional matrix multiplication and becomes a simple 3 by 3 linear 
matrix to be fitted in the receiver. linear 

Again, this matrix comprises the tristimulus values of the system 
primaries in the colour space defined by the display primarSs Thus if 
any display primary is equal to the corresponding sysLm^mlry v Sen its 
column in the matrix will be linearly scaled to the appropriated of 
the ident matrix, the scaling being equal to the rati^ofSe luSna^ef 
of this primary in the to balanced conditions; if all the disoSv 
primaries equal the system primaries the matrix is the Xnt^atSx. 

to^S 1 ^ reproduced by this receiver, lying in the colour gamut comon 
SiSnS tfS 65 rOEmed by systan P^^ies and the Spla?^ 
V 111 te P 0 ^^ correctly. It should be noted here that this 
EST? ^ 1 l 0perati0nS on linear si ** ls °^Y; any non-liSrS 
oKS ^ ren °: ed ^ .«- a PPli«3 after matrix conversSS! It is 
possible to apply matrix arithmetic to non-linear signals, but the 

Sw 1 ^' 1 generall y te Cerent from those descSK here" £2 will 
only produce approximate results. 

SL 5 ^ 3 " 5 described b y equations 2e to 2g may each be balanced to the 
same illuminant, or may be separately balanced to diffia^cStoSa 

Sanc^to'oS ^,^T^ d PAL d<3ieStiC SySten i"-SonaT 
SrSSf* ' 1 XS Camon P racfc ice to balance studio and outside 

neuST raSZSn to ^ P^ 1 ^ 9 illuin i^t such that the Ss^lay of a 
SfSaS VlS^ e ^ S ^ SyStem ^S^ 15 ^nce is shown at 

primary signal will be non-zero and'will Le^SJJ if Si £5n22?tf the 
apply in the multi-primary display described below necessarily 

Multi-primary analysis method 

The multi-primary problem can be overcome by dissecting the colour oamut 
of the display into triangles formed by sets of three of ^ SSL^ 
primaries and using any analysis which produces^ SosSvf Slve 

S^ancf STolV 0 " I'' "J** ™ eS ^ ^ wiS contain 
be uS^oSw f ? System 31x3 so the mathematics of Section 2 cannot 
SaSSe^ofi^Sf my 5? d f fficult to set up the display devSTS 
P-actice. For a multi-primary display there are several solutions to this. 

sag srs^^ss^sS ssr« - 

tetif SnaS' ^i?^ ^i^ 1 ^ «" be used and the switching 

SeSSiJ; f 911 T 107 ^ teresis to av oid these effects, ft is 
^ blDie zo calculate an analysis for a triad which usm t-«i 
primaries and one synthetic primary, made by l^i^SxS? to others. 
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the t l™? e tl0n P roces f* s required to produce the matrices which connect 
the transmission signals with the display primaries is as described in 
Section 2 The concept of balancing each display orimary triad 
tH^c ^ i y - t0 ^ n L l lmd ™ nt is retained, even though nor all of the 
Slf^ r?** 1 " ? *"* triad not containing the white point 

n^LZl ^ ^ C ° 1Umn Xn . the ^P 1 ^ staining only negativf 

numbers, and the appropriate multiplier {^m or n) is negative^ This is 

is^hoTSS? 1091 Pr ° blem ' aBd dOSS n0t " nder «- P^l- L^lfas 



is shown below. 
The matrices are found as follows: 

FirSt deS^^SSoff 3 ^ 33 ^ ^ matrices usin ? th <* ^thod 

[X] [ ] [RsJ 

[Y] - I Ms ) . [GsJ 

[ZJ t 1 [Bs] 3a 

t*s] [ . J [X] 
[Gs] = [ Mt ] . [Y] 

[Bs] f J [2 ] 3b 
The system matrix (Ms] is not required except for the oroduction of the 
use ^ater in the balancing of analyses together. 
Then form the matrix for the. real display primaries. 

[X Xpl Xp2 Xp3 Xp4 ...] [p 2 ] 
f ] = Y Pl Yp2 Yp3 Yp4 ...J . [P3] 
IZ] [Zpl Zp2 Zp3 Zp4 ...] [P4] 

[etc] 3c 

Sirritn^ 0111191 ^ f ? Ured ' at ^ tixne ' from the chromaticitv 
coordinates and unknown scalers k. cy 



J Si 3 *, 1 k2 *P 2 k3 * x P 3 k4 **P* ••• J [P2 I 
* - Hcl*ypl k2*yp2 k3*yp3 k4*yp4 ... . P3 
[Z] [kl*zpl k2*z P 2 k3*zp3 k4*zp4 ... P4 



[PI] 
[P2] 
[P3] 
[P4] 

[etc] 3d 



W S Sl°fr^ ° f 6i5play P r ^es and form a 3 by 3 display matrix 
• ^tnTfot £ST COlUOT1S frOT *» fUU ^P^y-trix^eSatSn 



[XJ [kl*xpl k2*xp2 k3*xp3] [PI] 
M = [kl*ypl k2*yp2 k3*yp3) . (P2] 

[Z] [kl*zpl Jc2*zp2 k3*zp3] [P3] 3e 

T^^T^Ju^ ^ (D65) ^ the procedure of 

^tts Lersl .^] 91Ve dlSpl3y ratriX these primaries 
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P1 f M fx] 

P2J = [ Mpd ] . [Y] 
tP3) [ h [ Z ] 

t J fX) 
= [ Mpc J . fy] 

f J fz] 



Although this appears to os^iSl^J^? lay .° !atrix " negative. 
~st ingest llgK <^to pSS^^tTS^ tha * 0,6 **°«y 
disappear in the matching process tfb^ i^fS^ PrCW "" wi " 



B-H-H-fi 

[Plrs Pigs PlbsJ [Rs] 
= [P2rs P2gs P3bs] . [ Gs ] 
[P3rs P3gs P3bs] [Bs] 

{ J [Rs] 

I J (Bs] 



the tristimulus values ofteS *2i 2 ? solution. The matrix comorises 
PI P2 and P3. Rs Gs and Bs xn the colour space defined .by 

peTtl D65 2^1^^^^* ^ ^ diS ^ «*«Y 
but that each primary triad Ks £ J^ST*™ are to D65, 

the dxsplay to have differentLi?J^- P - 3y nBtrix and thus reouires 
The separate solutions ££ "no? £ SifS in ea <*- set ' 

display matrix and each solution Dr5S2^ * there is one "nifi* 

to it. This process eliminates all S ^ ls Erectly scaled 

output and the display, exceot v ^ controls between each matrix 
used to set up thedispl^ P ^ ° nS mster contr °l Per primary which is 

Lat us suppose that th~re arp 

display priory, they hSe ^ ^JL^ » » hi <* -e the red 
of Section 2 and these multiplies axelSe tff ^ fr0m ths hematics 
This means that solution a nrcx*,rL , scalers for the red primary, 

signal, while solution^ prSSeTTb unXfo/f • ^ ^ Unit ° f *2» 
problem can be resolved by moviS JL^iT f - lgnt per mit ^ive. This 
[Mx] by multiplying eacV^oelf Sen? in^VT the transfer 
the red primary is now scaled to SitJ Sf r2 £ ^ lb " e PP ro Priate; 
longer produce eoual drives for tS J f es ultant matrices will no 
be further scaled such that n« ^„-ri__ P ? xn V so e * ch Primary drive can 
tor any displayed colour. ChoicTof ^hJT* than unity drive 

the designer; the red column o?t£ SSiffl^ J* at discretion of 

Jl " untied display matrix will comorise 
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the chromaticity coordinates of the red primary multiplied bv thi- n 

Sto"JSS srr 5 03,1 136 expanded to ^ -«2^t2 Sis, 

and to natch all primaries as required. It is worth notina here thai ?f' 
any of the priory triads do not contain the white poTn^thl resuTL^ 
negative row in the transfer matrix will change sigTin this prSes?2nd 
nWberS - ■» giV ^ n the^numeScaWSon^in 



The calculation for a triad of display primaries using two real (Pi p;» 
and one synthetic is as follows. To illustrate the methoT S JSh I 
primary Pm will be taken to be a linear mix of S^^'i^M^ 

First ssESJi'sr Mx ratio «* «- ^-ticity 

xpm = ( a * xp3 + b * xp4 )/ ( a +b) 
yptn=(a*yp3 + b*yp4 ) / ( a +b) 

zpn = ( a * zp3 + b * zp4 ) / ( a +b) = 1 - xpm - ypm 3h 



then: 



fPl] tkOO kOl k02) [Rs] 
|P2] = [klO kll kl2] . [gsJ 
IPm] [k20 k21 k22] [Bs] 



fPl] (kOO kOl k02] [Rs] 

[P2J = [klO kll kl2] . [Gs] 

IP3J fk20 k21 k22] [Bs] 

tP4] [k20 k21 k22] 



3i 



3j 



The scalers for P3 and P4 are k3 and k4 and are given by: 

k3 = km * a/(a+b) k4 = km * b/(a+b) 3k 

this expansion is as^oUoS: ^ * display - The - Droof of 

The display equation for these primaries is: 

[X] [kl*xpl k2*xp2 km*xpm] [PI] 
Y = kl*ypl k2*yp2 km*ycn>] . [P2] 
IZJ [kl*zpl k2*z P 2 km*zpm] [Pm] 

^ [kl*xpl k2*xp2 k3*xp3 k4*xp4] [Pi] 
- kl*ypl k2*yp2 k3*yp3 k4*yp4] . [P2] 
lkl*zpl k2*zp2 k3*zp3 k4*zp4] [P3] 

[P4] 31 
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From Equation 31; 

X^xpm = k3*xp3 + k4*xp4 km-ycm = k3*yp3 + k4*yp4 3m 

Solving these simultaneous equations in two unknowns, k3 and k4: 
k3 = km * " WP«> (xp3*ycn, - xrxn*yp3) 

(XP4 ^ " X?3 * yP4! ^ = ^ ^ ^"-"^ 3n 

Stsss sags s?ice can F ^ i rss Bt- int ? a practicai 

using, by way o/exLplI^threrLaJySr 3 ^^^ion 

devicl 2 S wh^h a CT deC ° d i ng C i rCUit for a four-primary display 
device 2, which generates the required four disnlav rfrS«£ y 
signals 4 from a coded transmission signal 6 from a Xil* 

SitSeSc SiS'SVn ^ "?ee parallel naSix 

unit. LLinJ 3U « t JS Sf^aSh L I saSSS"" " "?\»>»"ix 

white balancing. Y setting up procedure for 
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The setting up procedure is fairlv ^T-a^K*. * 

to use a split-screen technioS to 2£?EL ST"E?" ^ t0 do this is 
overlaoping analyses and S° S simultaneous display of 

for five privies three sets Se^SSS f£ °™ lap £" 9 Sets suffice ' 
producing the chrcmaticity of Se 3S^£i£ win ^ !f h Sn£lysis is 
luminance, and at this settina th^-^f^ ^ lll . the y produce the same 

UL - xn 9 entire display is "balanced". 

non-linearity irrSly^SrectStfSf S? C ^° r ^ devi <* 
non-linearity is not LrreSed tSn^K rnatr ^ ces - » the display 
scale track together sSTS'-^^ Several analy.es will not grey 
driven. Thus Solyi^Tg^eflcalfS f SJS" 8 " ** * 

irentioned above will reveal eSrS S ? . S - Dllt - SCT ^ arrangement as 
-sy .ay of diagnosing nS^SSg or t^recS^ J*"** - 



Method of use of a practical four-primary display 
A set of numerical solutions i s civen i n 

primaries Rd, Bd, Gld, G2d and" fmSture afSfana 'b^ 8 diSPlay 

5-1 ^-overlapping solutions 

There are two methods using non^verlapping analyses. 
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anJlvsif if S 5? M ? d ^ analySiS ^ Switches to ^ Gld G2d Bd 
SSaSS 1? negative, switching back to Rd Gld Bd if G2d is 

negative. The second uses the* roA = i T . 

Gld G2d analysis if Bd 2 nSativf^^ 1 ^ 5 f" d switches to the Rd 
negative. negative, switching back to Rd G2d Bd if Gld is 



5.2 Overlapping solutions 



is negativl, or into M gS bS i?S?\f t0 ^ M Gld M Solution if <=* 
invoted by not sStehina tecf f rl ^fjf t £ V8 ' ^teresis can be 
green in W foel ^eSSve-^S 001:11 the appropriate 

to Gld Md G2d onlv wh^n>T^ ne 9 a tive, for example, revert from Rd Gld Bd 

5 -3 Setting up procedure 

(Ks=Gs=Bs=l) to ihe M Gld H i^tf^i ^ rive transmission signals 
display prisaxy 2L.1S2.a2 & f 3 ^ "*» 

that colour is oenerated £ 5*^»5r ext ernal reference to D65 since 
identical, and ffiSlSfS SjCcSS ^ 

fact, the efficiency can bTcalcuSS ^2?.? " e priIIErY itched off. in 
achievable by the display is £ su^of Sfv^ lumi "ance 
maximum luminance of the balanced ^SElSf S i iT" from Ration 4e and the 
is: Balanced white is 1, thus the luminous efficiency 



Ef f = 



(0.3378 + 0.7185 + 0.6277 + 0.0386} 

Application to non-linear systems 

SSSteSTSS? ^ SflrS^ff 1 f f!J «» Prices to output 

between the severaj anaf vSf " level-dependant colour distortions 
™st ^ place bltwSn Sf™?? "^ 011 ^ the dis P la y non-linearity 
overall system (5Jn?L^o TKf 0 ^ P - tS primary If *»» 

non-linear transfer charlS^f? ^ ls . re ^ lred to have an overall 
characteristirS- ST?^ 15 ^ then Circuits having this 
-d Bs) anTZTn^s JfffS^ST *" ^ ^ Si9nalS (RS GS 
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6.1 Non-linear application of 4-primary display 

decoder can be sixnolifSd faVti^JS^ % caiplexity of the 
particular, since it ii^Lf^^^f^ff^^ In 
need to linearize the y r o aecode the G signal there is no 

Ml that is «^L2 is 1^^**7*^^ ^ Primaries, 
appropriate power f or toeSsSlv biS ^ raised to the 

follows: display before matrixmg. The proof is as 

If the system display matrix is: 

[X] f J [Rs] 
fY] = [ S J . [Gs] 
tZ] f 3 [Bs] 

then the luminance equation is: 

Y = slO * Rs + sll * Gs + sl2 * Bs 
the coeffi cient suffices refer to the row and column of the matrix. 

Gs = (Y - slO * Rs - sl2 * Bs) / sll 6a 
StS^^rSrS * « to the 
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fPl] [ J 
fP2] [ ] [Rs] 
[P3] = [ D ] . [GsJ 
fP4] [ ] [bs] 
[..] [...] 

Substituting Gs fran equation 6a into this gives: 

[P13 [ ] 

tP2] [ ] [RS ] 

[P3] = [ M ] . [Y ] 
(P4J [ ] [Bs] 

where the matrix coefficients m are given by: 

mpO = drO - drl * slO / sll 

npl = drl / sll 

np2 = dr2 - drl * slO / sll 



not required. p es as Y R ^ B ' ana the G signal is 

and should be further raised tonLf^f « 7? by the codln g system, 
to the natricesirSafSSe JioSTJ ? 1 ' 26/ ?- 45) tefore application 
emitted by the display" CtaSrSS? - I 21 }* 3 * 1 * related to light 
be applied at tS outmt^f °f 1/2-8 lnverse of **« ^lay) must 
are £ produce^S Slc^lf S^arL^ ~ "^ces 
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For a typical system, a power law of 0.45 is 
applied at the studio equipment, the display is assumed to 
have a power law of 2.8 and the overall system 
characteristic is therefore 1.26 (0.45 * 2.8), these 
figures are based upon standard practice with cathode ray 
displays. To achieve this in a multi-primary display, the 
input signals to the display matrices must be linearly 
related to the output light and thus must be related to the 
system signals Rs Gs and Bs by the power law 1.26. This 
implies that for a conventionally coded system, three non- 
linearities are required before the matrices and one for 
each display primary after matrices; . for a constant - 
luminance coded system three non-linearities are required 
in the decoder, three more before the matrices and one for 
each display primary after the matrices. 

7. Analysis using a Fifth Display Colour. 

The constraints used to solve the problem of 
producing four display primaries from three system 
primaries in* Sections 1 to 6 are not the only solution. A 
solution using a different set of constraints will now be 
described which may be more suited to an effective 
practical implementation requiring a reduced number of non- 
linear circuit components. This may allow an improvement 
in image quality and implementation cost. 

Numerical data for the following illustrative 
calculation are provided in Appendix 2. 

Figure 5 is a chromaticity diagram, in 1931 xy 
coordinates, of the improved colour coding system. This 
shows the spectrum locus together with the locations of the 
three system colour primaries R si G a , B s , and the four 
display colour primaries, R d , G ld , G 2d , B d . In the colour 
analysis now considered a fifth display colour, G 3d , is 
defined, formed from an approximately equal mixture of G ld 
and G 2d . Inside the triangle formed by Rj, G 3d and B d , 
colours are matched by the appropriate mixture of these 
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three primaries. Outside this triangle, colours are 
matched by a mixture of R d/ G ld and G 3d or G Jd , G 3d or B d , 
whichever is more appropriate. 



7.1. Inside the R_ r, triangle 

The main function of any television system is to 
regenerate, at the receiver, an approximation to the colour 
of the original object. For the improved colour coding 
system considered here, if the XYZ tristimulus values of 
the original object were X D , Y c and Z Q , the approximation 
will consist of varying amounts of the transmission 
primaries R s , G s and B s , in proportions such that the XYZ 
tristimulus values of the resultant mixture match those of 
the original colour. The chromaticity coordinates of the 
transmission primaries are defined in the system 
specification, however, so the amounts of each required to 
match the original object, A rs , A^ and A bs lumens 
respectively, can be determined as follows: 

where X rs , Y rs# 2 rs are the xyz chromaticity coordinates of 
the R s primary 
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etc. Substituting the correct values into this equation gives: 



Ms 



I 2.2429 
I 1.0000 
I 0.0006 



0.0000 
1.0000 



4.8485! iA rs 
1.0000 j . i Ags 



0.0000 27.8215 j jAbs j 



and hence: 



i'Ars [ 

!A 9S ! = 
Ubs | 



Ms 



I" 1 iXo j 



I 0.4459 
Yo| = j-0.4459 
|Z» j j 0.0000 



0.0000-0.0777? iXoi 
1.0000 0.0418|. iY, f 
0.0000 0.03591 |Zo i 



Normally the values Ars , A 9S and A bs are weighted by three coefficients 
Is , ms and n s respectively to form three normalised coefficients a rs , a 9E ' 
and a bs whose values are all unity at the specified white point (D65 . 
Substituting in the correct XYZ values for one lumen of D65 illumination- 



i'Ars i 
[A 9 s I 



! 



Ms 



I" 1 I0.9505J 
j . { 1.0000 | 
I !l.0891j 



I 0.4459 0.0000-0.07771 (0.9505| 
(-0.4459 1.0000 0.0418!. (1. 0000 j 
( 0.0000 0.0000 0.03591 J 1.0891 1 



= j 



0.3392 ! 
0.6217! = 



!l/ls 
il/m s 



And hence: 

Urs ! 
i a 9 s ; ; 
Ubs ! 



! 0.0391 { !l/ ns ! 



I Is Ars { | 2.9482 Ars ! 
lm £ A gs | = j 1.6085 A os 1 
]n s Abs I 125.5548 Abs I 



It is then possible to define two new matrices, such that: 



!Yo ! 



= i m s | 



I ars J 

I a ! 

• » a 9 s | 
i ia bG j 



! 0.7607 0.0000 0.1897! jars! 
j 0.3392 0.6217 0.0391!. |a gs i 
! 0.0002 0.0000 1.0887 j ja bs i 



7a 



and: 



3rs j 
3o s 

abs 



! = 

! 



I" 1 I 



m s 



Xo 

iYo i 
Z 



I iZo{ j 



i 1.3146 0.0000-0.22911 iXe | 
■1-0.7171 1.6085 0.0672i'.!Yo! 



-0.0003 0.0000 0.9186! |Z 0 ! 



Similar equations can be used to derive X., Y. and Zo in terms of the 

sill 11 ^ndT ^ttl'"? Bd 'M' ** ^ ^ * «» th * 

^lo^eeTi^o^rgeiera^! Thu.:^ "^'^ " ^ " 



iXo \ 

(Yo { 

iZc ( 



I i iard | 
i md ! . { a D 3d J = 
! I Ubd | 



! 0.6615 0.1126 0.1763! jard j 
10.2950 0.6687 0.0364 !.j a B3 d | 
! 0.0002 0.0774 1.0115! Ubd i 



and: 



Urd < 

j a B 3d i 
Ubd j 



I i-MXo! 
i md { . |Yo j 

I I !Zoj 



I 1.6193 -0.2411 -0.2736! |X 0 j 
1-0.7172 1.6086 0.0671 \ . \Yo I 
I 0.0550.-0.1238 0.9847! !Z<, | 



7b 



12/3/2007, EAST Version: 2.2.1.0 



20 

The weighting coefficients, l d , m d , n d in this case are given by: 

Ud ! ! 3.3904 [ 
f md | = | 1.4955 j 

(nd | 127.5055! 7c 

Equations 7a and 7b can then be combined to yield the relationship definina 
the aisplay drive signals a rd , a g3d and a bd in terms of the decided 9 
transmission signals a rs , a gs and a bs : ecoaea 

i ard | | j' 1 , 1 j I a "! [1.1500 -0.1499 0.00001 la rs | 
|a 93 dt - t md | .| m s j.ja BS ! = ! 0.0000 1.0000 0.0000 {. I a „ { 7d 
' abd ! ! ' i i iabsi j 0.0000 -0.0766 1.0766! labs,' 

7.2 Insid e the Rd Gad Gid triangle 

m-!n,J? r "Jk 11 " f alli 2 9 inside the trian ^ formed by the Rd , G ad and G ld 
llTr? \ th * Val " 6 ° f abd calculata <* from equation 11 above will be 
Si-nl^ 6 "^ 6 " 1156 " " n0t P° ssible to aerate negative light in a 
airplay, it is necessary to use an alternative method of colour analysis 
ir colour reproduction errors are to be avoided. In this instance it 

"rhe^hLT"^ t0 A atCh T : Z « b - V EixtU " S 0f " - and G ld , 
rather than Rd, G 3d and B<i as m the previous section. By following the 

nossiMrtnT £S giVen ln th6 Pr6ViOUS SeCtion ' therefore, £ is 

and a' sld : * Wl " d ° f dispUy drive si ^ ls ' a' rd . a' 93d 

U'rd I j 1.1500 -0.3700 3.0942! =a PS ! 

ja'gsd! = | 0.0000-0.2457 17.5128 {. {a ffS { 7 . 
la'sidi {0.0000 1.3386-18.8190; Ub S j 



(N.B. In this instance the weighting coefficients Id, ny and n d have not 
neen recalculated from the values used in section 2.1. This is in order to 

method h ?he e f1 1°' ffai " ±a Practical realisations "f^his ° 

method The factor m d has been applied to both the a' g3d and a' Bld signals 

drive siw's""' " ^ »»ould be noted! however, "cL ^ual 

drive signals c Pd , a ' 53d , a ' gld will no longer match to D65) . 



By inspection of equations 7d and 7e it can be noted that: 

a'gid = -17.4804 a b d 

a'rd = ard + 2.8741 abd 

a' 03d = a B3d + 16.2671 a bd 
It should also be noted that: 

a'bd = 0 = abd - abd 



7 f l 
lf.2 

IP 



Iron til m °P eratl0I » " equivalent to subtracting a signal of abd 
Jil f P " marY and adding si * nals °f 2.8741 abd, 16.2671 a bd and 
i/.4su4a bd .o the. red, green 3 and greem primaries respectively. 

7.3. Inside the c . Ga d B d trian ? 1» 

a c ,-n,5? l0UrS fa T ling in this re ?i°n have negative values of a r d. Following 
a similar proceaure as in previous sections, and matching the input colour 
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by mixtures of G2d, Gsd and Bd therefore: 

ja"g2d! 1-7.4446 0.9707 O.OOOOj !a r5 j 

ja"g3d! = i 7.9301 -0.0340 0.0000 j . j a ys j 7 g 
ia"bd [ ! 0.4001 -0.1257 1.07661 jabsi 

As in section 7.2, the weighting coefficients used in equation 7g are the 
same as those used in equation 7d. By inspection of equations 7d and 7g: 

a' , 9 2d = -6.4739 a r d 7hl 

a"g 3 d = a g ad + 6.8961 a P d 7h2 

a"bd = abd + 0.3479 ard 7K3 

a M rd = 0 = ard - ard 7h4 

2.4, Formation of the final combined display drive signals 

The final display drive signals for the Rd and Bd primaries are 
formed by combining the signals of equations 7d, 7f and 7h: 

a r, 'rd = ard - ( ard )ardso + 2.874K abd )abdso 

a^'bd = abd - ( abd )abdso + 0.3479( ard )ard*o 

In order to form the Gid and G 2 d drive signals, account must also be 
taken of the value of the G3d primary. In section ■ above, it vas stated 
that the G3d primary was formed from approximately equal proportions of 
Gid and G2d. The exact proportions were adjusted so that the chromaticity 
coordinates of G3d were exactly mid-way between those of Gid and G2d; i.e. 
the relative luminances are mixed in the ratio 0.7543 : 0-8029 - the ratio 
of their y chromaticity coordinates. Thus a given amount, A 5 3d lumens, of 
the G3d primary may be matched by Agid lumens of Gid added to Ag2d lumens 
of G2d , where: 

Agid = 0-7543 . Ag 3 d = 0.4844 Ag 3 d 
2.* 0.7786 

Ag 2 d = 0.8029 . A ff 3d = 0.5156 A g3 d 
. 2 * 0.7786 

Since the weighting factors applied to Gid r G 2 d and Gsd are all equal, the 
same equations can be applied to the normalised values a 0 id etc: 

agid = 0.4844 agsd 

ag 2 d - 0.5156 ag3d 

Adding together the various contributions, therefore: 

a^'gsd = agod + 6.896K a r d )ardso + 16.267K abd )abdso 
And hence: 

- a ,,f gid = 0.4844 a f,, g 3 d - 17.4804( abd labdio 

= 0.4844 a fl3 d + 3.3405( a r d )ard*o - 9.6006{ abd )abd*o 
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a^'gad - 0.5156 a 1 "^ - 6.4739( a r d Jerdio 

= 0.5156 a y3 d - 2.9182( a r d Jerdjo + 8.3873{ a b d ) ab dso 



A method for determining a display colour of a point in an image 
can thus be implemented. This method in more general terms uses 
four display primaries, i.e. first, second, third and fourth 
primaries lying in sequence at consecutive, adjacent corners of 
a quadrilateral in a chromaticity diagram, and comprises the 
following steps: 

(A) a fifth, imaginary, display primary is determined, 
being a linear combination of the third and fourth display 
primaries, 

(B) signals for generating first, second and fifth 
display primaries are calculated using a triad of display 
primaries comprising the first, second and fifth display 
primaries, 

(C) if the signals calculated in (B) are all either zero 
or positive, the signals for the first and second display 
primaries are used to form display primary drive signals, and 
drive signals for the third and fourth display primaries are 
calculated by using the signal for the fifth display primary to 
calculate drive signals for the third and fourth display 
primaries according to the linear relationship between them, 

(D) if the signal calculated for the first display 
primary is negative, display primary drive signals are initially 
calculated as m (C) , and then the second and fourth display 
primary drive signals so calculated are modified by the addition 
of predetermined multiples of the first display primary drive 
signal thereto and the first display primary drive signal is set 
to zero, 

(E) if the signal calculated for the second display 
primary is negative, display primary drive signals are initially 
calculated as in (C) , and then the first and third display 
primary drive signals so calculated are modified by the addition 
of predetermined multiples of the second display primary drive 
signal thereto and the second display primary drive signal is 
set to zero. " 

8. Im plementation in hardware 

Figure 6 shows a circuit which might be used to decode 
the rour drive signals in practice. 

Incoming a rs , a gs and a bs signals 30, which may be derived from 
transmitted colour difference/luminance signals, are input to a 
matrix arithmetic unit 32. Any non-linearity in these signals ' 
may need to be removed, for example on prior decoding of a 
transmitted signal. In practice, there will probably be no need 
«^M t * e ? ode * he ^sj.a gs and a bs signals, a rd , a g3d and a bd 
probably being formed directly from transmitted Y,R-Y,B-Y 
signals; this has little effect on the decoder circuit however. 
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The matrix arithmetic unit calculates display primary signals 
for Rd, G 3d and Bd, i.e. a rd , a g3(I and a M . These signals are then 
applied to outputs 34 / of the decoder circuit to form portions of 
the a'"rd, a'" gxd , and a'" g2d/ and a"' bd display primary drive 



signals respectively. .The a rd and a bd signals from the matrix 
unit are however also applied to an 'ideal diode' circuit 36 and 
the resultant rectified signals combined at the circuit outputs 
34 with the signals output directly from the matrix unit to form 
contributions to the final decoded a"'rd, a"' „, a"' ,„ and a'" 
display primary drive signals. 9 9Sd , ana a bd 

Two factors are worth noting on this circuit. The first is that th* 
diodes are being used simply as switches, and not as calibrated Ion- 
linearities This should make the circuit easy to duplicate ? he second 
factor to note is that the diode outputs are added into all four If lit 
"Ttll 1 ™ ChanDelS - ThlS " talent to Etching negative vSue of 
auac" f?! appr °P riate val "« of Gid. G,d and Bd . The circuit is therefore 
X- I'nll " ° P !5 atl0n ' in that ^ere is no internal clipping involved 
values of a -- ln9 ?** " Pr6Sent is in the displa * itse " : 'nega"ve 
W* lull V" cannot . b « reproduced, and are hence clipped to blac}: 
resoonse M rJ" reSpons J ls responsible for the well-behaved 

response to colours outside the reproducible gamut - see following 

9. Performance for colours out s ide the realisable gamut 

™i„,J hS circ V it °? Fi ? ure 6 is capable of accurately reproducing anv 
colour occurring within the colour gamut set by R d 6i- t* • 

should not behave m an unacceptable manner. 

-h* *?, seen fTom figure 7, the complete colour spectmra outside 

region P r a a'- le "IT SpUt int0 f ° Ur identifiable «^ons In" 

nroduLd L " ne 5 at ^e. Since negative values of G 2d cannot be 
amount or c ? w " • dlspl ^ ed as « it were mixed with a sufficient 

coWs cannot b * t0 line GldRd - In re * ions 2 a » d ^, the 
colours cannot be reproouced by the coding system itself (a «r = 

oecomes negative); the display system int^odJces no h r'errors and 
r Pe Q ttve a Iy d R^ioT/" diSt ° rted tMWrd - the G * ° r R * SiSSS ' 
diMded into\Jree ®° re " apleX ' h ° WeV6r ' 3nd BUSt ^ ^ther sub- 

be^ng ?ra«mn-tieJ%r on the relationship of the colour 
se_ng transmitted to the lines R d G 3 d and BdGad. 

a„d iI h n^J^' re ^° nS a " Sh ° Wn enlar 9 ed in Figure 8 . l„ sub-region 4a, 
however r'esJlt f^.Vi" The ° pe «tions of equation 16a, 

zeroT Thus III r °? 2 r 1 Which is ne ^tive (a"' bd becoming 

zero). Thus the Qisplayed colour shifts towards the Rd primary. 

rnrro S j lihrl f in sub-region 4c, a b d is positive and a rd is negative The 
egac.ve value or a b d . The colour moves towards the Bd primary. 
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In sub-region 4b, however, both a.- * 
corrected values of a"',-* a 'ttt ard an * a " are negative. The 
The final displayed colour is stillVJVv"' alS ° b ° tb ne ^tive. 
therefore, but its exact L^t-? °" 1 e , lne Joining G,, and G 2d , 
general, as the Original colour 1- "f* llM " harder t0 determine, m 
displayed colour S£ Iovp T al ° ng 3Dy P £rti ™lar arc AB, the 

of colours oecome I tori saturated '?! B C ° r t r « P ° ndi ^ line A ' B ' . As the arc 
corresponding line C'" becoml JJlJ' ? ' ?° the len * th of the 

changes in the incoming colons caS n^d^LT^^' therefore ' saturation 
colour. Nevertheless, it can be IIL 4rl r- 6 C o ha " 9es in the "produced 
are relatively minor {similar L 'I ? FlgUre 8 that these hue ch =nges 
be produced £ Stura ion ejects TIL V* 6 hue chan * es that 
performance of the f our-nri»f rv J* i P * eRt '**y coa ™9 systems). Thus the 
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APPENDIX 1 
Four-primary display: Numerical Solutions 



This Appendix contains the numerical results for a four orirrary display 
designed for the Eureka set of primaries. The system and* display primaries 
are iisted below: 

Primaries: 



Rs 
Gs 
Bs 

Rd. 
Bd 
Gld 
G2d 



620nm 

460nm 

=Rs 
- -Bs 
540nm 
5l4nm 



Md (7Rd+9Bd)/16 
Balance D65 



x=0.6195 
x=0.0000 
X=0.1440 



x=0.2296 
x=0.0328 
x=0.3835 



y=0.3083 
y=1.0000 
y=0.0297 



y=0.7543 
y=0.B029 
y=0.1516 



u'=0.4538 v* =0.5081 
u'=0.0000 v'=0.6000 
u'=0.1877 v'=0.0871 



u'=0.0792 V =0.5856 
u'=0.0104 v'=0.5749 
u'=0.3787 v'=0.3367 



1 



x=0.3127 y=0.3290 u'=0.1978 V=0.4683 
Xw=0 . 3127/0 . 3290*1 . 0000=0 . 9505 Yw=l . 0000 
Zw=(l-0. 3127-0. 3290)/0. 3290*1. 0000=1. 0891 

Solution for the transmission system 

Denormeiising gains: 

Rs (1) 1.1001 gs (m) 0.6217 Bs (n) 1.3176 

Matrix equations: 



(X) [ 0.7607 
(V] = [ 0.3392 
(Z) [ 0.0002 



0.0000 0.1897) [Rs] 
0.6217 0.0391] . [Gs) 
0.0000 1.0887] [Bs] 



Al.l 



Al.2 
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[Rs] ( 1-3146 0.0000 -0.2291] (X] 
[GS] = [-0.7171 1.6085 0.0672] . [Y] 

[Bs] [-0.0003 0.0000 0.9186] [Z] Ai - J 
2 Solution for display, Rd Gld Bd 

Denormalising^ains: ^ q ^ ^ u2g92 A2-1 

Matrix equations: 

[X] [ 0.5447 0.2187 0.1870] [ Rd 
[Y] = [ 0.2429 0.7185 0.0386] . [Gld 
[Z] [ 0.0001 0.0153 1.0735] [ Bd] 

[ Rd] [ 2.1205 -0.6381 -0.3465] [X] 
[Gld] = [-0.7173 1.6086 0.0671 - Y 

[ Bd] [ 0.0010 -0.0228 0.9306] [Z] A ^' J 

Transfer matrix: 

[ Rd] [ 1-3967 -0.3967 0.0000] [Rs] 
[Gld] = [ 0.0000 1.0000 0.0000 . Gs 

[ Bd] [0.0000-0.0142 1.0142] [Bs] * 
3 Solution for display, Rd G2d Bd 

Dsnormalising gains: „ A3 i 

Rd 1.0954 G2d 0.7818 Ed x.x621 

Matrix equations: 



[X] [ 0.7575 0.0257 0.1673] [ Rd 
[Y] = [ 0.3378 0.6277 0.0345] . [G2d] 
[ Z ] [ 0.0002 0.1284 0.9603] [ Bd] 

[ Rd] [ 1.3233 -0.0070 -0.2303] [X] 
[G2d] = [-0.7173 1.6086 0.0671] . [Y] 
[ Bd] [ 0.0957 -0.2151 1.0324] [Z] 



[G2d] = [-0.7173 1-6086 0.0671] . [Y] ^ ^ 



Transfer matrix: 

[ Rd] [ 1.0043 -0.0043 0.0000] [Rs] 
[G2d] = [ 0.0000 1.0000 0.0000] . [Gs] 
[ Bd] [ 0.0000 -0.1337 1.1337] [Bs] 

4 Solution for display, Rd Gld G2d 

Dsnormalising gains: , 
Rd " 3.7066 Gld -8.0834 G2d 7.4151 A4.1 

{•'atrix equations: 

[X] [ 2.5632 -1.8561 0.2434] I Rd 
[Y] = [ 1.1429 -6.0975 5.9546) . [Gld] 

[Z] [ 0.0006 -0.1297 1.2181] [G2d] A ^ 
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[ Rd] [ 0.4585 

[Gld] = [ 0.0957 

[G2d] [ 0.0100 
Transfer matrix: 

[ Rd] [ 0.2968 

[Gld] = [ 0.0000 

[G2d] [ 0.0000 



-0.1536 
-0.2151 
•0.0228 



0.6592] 
1.0324] 
0.9306] 



[X] 
[Y] 
[Z] 



-0.0955 0.7987] [Rs] 
-0.1337 1.1337] . [Gs] 
-0.0142 1.0142] [Bs] 
5 . Solution for display, Gld G2d Bd 

Denormalising gains: 

Bid 3.3910 G2d -2.0013 Bd 1.6497 
Matrix equations: 

[X] [ 0.7786 -0.0657 0.2375] [Gld] 
[Y] = [ 2.5579 -1.6069 6.0490] . [G2d] 
[Z] [ 0.0544 -0.3287 1.3632] [ Bd] 



A4.3 



A4.4 



A5 .1 



A5.2 



[Gld] [ 1.3233 

[G2d] = [ 2.1205 

[ Bd] [ 0.4585 
Transfer matrix: 

[Gld] [ 1.0043 

[G2d] = [ 1.3967 

[ Bd] [ 0.2968 



-0.0070 
-0.6381 
-0.1536 



-0.2303] 
-0.3465] 
0.6592] 



[X] 
[Y] 
[2] 



-0.0043 0.0000] [Rs] 
-0.396T 0.0000] . [Gs] 
-0.0955 0.7987] [Bs] 
6 . Solution for display, Gld Md G2d 

Denormalising gains: 

Gld 0.4404 Md 2.1786 G2d 0.4204 
Matrix equations: 

[X] [ 0.1011 0.0138 0.8355] [Gld] 
[Y] = [ 0.0071 0.0690 1.0128] . [ Md] 
[Z] [ 0.3322 0.3375 0.3303] [G2d] 



A5.3 



A5.4 



A6.1 



A6.2 



[Gld] [ 7.1178 0.9753 -6.1901] [X] 

[ Md] = [ 0.4585 -0.1336 0.6592] . [Y] 

[G2d] [-7.4543 2.1532 5.4473] [Z] 
Transfer matrix: 

[Gld] [ 5.7449 0.6063 -5.3512] [Rs] 

[ Md] = [ 0.2968 -0.0955 0.7987] . [Gs] 

[G2d] [-4.9397 1.3385 4.6012] [Bs] 



A6.3 



A6.4 
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Denormalising gains: 

Rd 0*9531 (=2.1786*7/16) Bd 1.2255 (=2.1786*9/16) *A6.5 
Transfer matrix: 

[ Rd] [ 0.2968 -0.0955 0.7987] [Rs] 

[Gld] = [ 5.7449 0.6063 -5.3512] . [Gs] 

[G2d] [-4.9397 1.3385 4.6012] [Bs] 

[ Bd] [ 0.2968 -0.0955 0.7987] A6 . 6 

7. Unified display, Rd Gld G2d Bd 

For arbitrary reasons, the display matrix will use as 

denormalising gains, Rd and G2d from solution 3 (Rd G2d 

Bd) , Gld and Bd from solution 2 (Rd Gd Bd) . Each row of 

each transfer matrix is then multiplied by the ratio of the 

denormalisers for that colour in its own solution and for 

the unified display matrix. 

Denormalising gains: 

Gld 0.9525 Bd 1.2992 

Rd 1.0954 G2d 0.7818 A7.1 
Unified display matrix equation: 
[X] [ 0.7576 0.2187 0.0257 0.1870] 
[Y] = [ 0.3378 0.7185 0.6277 0.0386] 
[Z] [ 0.0001 0.0153 0.1284 1.0735] 



[ Rd] 
[Gld] 
[G2d] 
[ Bd] 



A7.2 



Transfer matrices: 
Solution 2 (Rd Gld Bd) : 
[ Rd] [ 1.0043 -0.2852 
[Gld] = [ 0.0000 1.0000 
[G2d] [ 0.0000 0.0000 
[ Bd] [ 0.0000 0.0000 
Solution 3 (Rd G2d Bd) 
[ Rd] [ 1.0043 -0.0043 
[Gld] = [ 0.0000 0.0000 
[G2d] [ 0.0000 1.0000 
[ Bd] [ 0.0000 -0.1196 
Solution 4 (Rd Gld G2d) 



[ Rd] 
[Gld] 
[G2d] 
[ Bd] 



[ 1.0043 
[ 0.0000 
[ 0.0000 
[ 0.0000 



-0.3231 
1.1347 

-0.1347 
0.0000 



0.0000] 
0.0000] 
0.0000] 
0.0000] 

0.0000] 
0.0000] 
0.0000] 
1.0142] 

2.7025] 
-9.6207] 
9.6207] 
0.0000] 



[Rs] 
[Gs] 
[Bs] 



[Rs] 
[Gs] 
[Bs] 



[Rs] 
[GS] 
[BS] 



A7.3 



A7.4 



A7.5 
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Solution 5 (Gld G2d Bd) 

[ Rd] [ 0.0000 0.0000 0.0000] [Rs] 

[Gld] = [ 3.5754 -0.0155 0.0000] . [Gs] 

[G2d] [-3.5754 1.0155 0.0000] [Bs] 

[ Bd] [ 0.3769 -0.1212 1.0142] A7 . 6 

Solution 6 (Gld Md G2d) 

[ Rd] [ 0.2583 -0.0831 0.6949] [Rs] 

[Gld] = [ 2.6560 0.2803 -2.4740] . [Gs] 

[G2d] [-2.6960 0.7197 2.4740] [Bs] 



APPENDIX 2 

Colorimetric data for the four-primary system 
System primaries: 

Rs 620 nm x= 0.6915 y= 0.3083 (u' = 0.5203 v' = 0.5219) 
Gs x= 0.0000 y= 1.0000 (u'= 0.0000 V' = 0.6000) 

BS 460 nm x= 0.1440 y= 0.0297 (u' = 0.1877 v' = 0.0871) 
Display primaries: 



Rd = Rs 


X 




0 


.6915 


y 




0. 


3083 


Gld 540 nm- 


X 




0 


.2296 


y 




0. 


7543 


G2d 514 nm 


X 




0 


.0328 


y 




0 . 


8029 


G3d 


X 




0 


.1312 


y 




0. 


7786 


Bd = Bs 


X 




0 


.1440 


y 




0. 


0297 


Balance white point: 
















D65 


X 




0 


.3127 


y 




0. 


3290 




X 




0 


.9505 


y 




1. 


0000 



Weighting factors : 

Is 2.9482 Id 3.3904 

ms 1.6085 md 1.4955 

ns 25.5548 nd 27.5055 
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Claims : 
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1. A method for decoding a signal defining a video image in 
terms of n independent system primaries to produce a display 
signal using m independent display primaries, where m>n. 

2. A method according to claim l, in which at least one of 
the system primaries is spectral or super-spectral. 

3. A method according to claim l or claim 2, in which for 
each colour to be displayed, display primary drive signals are 
calculated in terms of a triad of three display primaries 
selected from the available m display primaries, or from one or 
more additional imaginary display primaries each calculated as 
linear combinations of two of the m display primaries, a triad 
comprising three display primaries of which none can be formed 
from a linear combination of the other two. 

4. A method according to claim 3, in which more than one 
triad of display primaries is required to calculate display 
primary drive signals for all colours within an available gamut 
of display colours. 

5. A method according to claim 4, in which the triads of 
display primaries are selected so that each colour to be 
displayed can only be defined in terms of the display primaries 
of one of the triads. 

6. A method according to claim 4, in which the triads of 
display primaries are selected so that they overlap, so that at 
least one of the colours to be displayed can be defined in terms 
of the display primaries of two or more triads. 

7. A method according to any of claims 4 to 6, in which four 
display primaries lie at the corners of a quadrilateral on a 
chromaticity diagram. 

8. A method according to claim 7, in which n = 3, the three 
system primaries lying at the comers of a triangle on a 



12/3/2007, EAST Version: 2.2.1.0 



31 



chromaticity diagram, first and second display primaries are 
approximately matched to first and second system primaries 
respectively, and third and fourth display primaries lie in the 
chromaticity diagram on or near sides of the triangle defined by 
the system primaries between the first and third system 
primaries and second and third system primaries respectively. 

9. A method according to claim 7 or claim 8, in which at 
least the third system primary is spectral or super- spectral . 

10. A method according to any of claims 4 to 9, in which four 
display primaries are used <m=4) , the first, second, third and 
fourth display primaries lying at corners taken in order around 
the circumference of a quadrilateral in a chromaticity diagram, 
the method comprising the following steps to determine a display 
colour of a point in an image; 

(A) a fifth, imaginary, display primary is determined, 
being a linear combination of the third and fourth display 
primaries, 

(B) signals for generating first, second and fifth 
display primaries are calculated using a triad of display 
primaries comprising the first, second and fifth display 
primaries, 

(C) if the signals calculated in (B) are all either zero 
or positive, the signals for the first and second display 
primaries are used to form display primary drive signals, and 
drive signals for the third and fourth display primaries are 
calculated by using the signal for the fifth display primary to 
calculate drive signals for the third and fourth display 
primaries according to the linear relationship between them, 

(D) if the signal calculated for the first display 
primary is negative, display primary drive signals are initially 
calculated as in (C) , and then the second and fourth display 
primary drive signals so calculated are modified by the addition 
of predetermined multiples of the first display primary drive 
signal thereto and the first display primary drive signal is set 
to zero, 

(E) if the signal calculated for the second display 
primary is negative, display primary drive signals are initially 
calculated as in (C) , and then the first and third display 
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primary drive signals so calculated are modified by the addition 
of predetermined multiples of the second display primary drive 
signal thereto and the second display primary drive signal is 
set to zero. 

11. A method according to any of claims 4 to 9, in which to 
determine a display colour of a point in an image, drive signals 
for generating display primaries are calculated using each of a 
set of triads of display primaries selected in order to 
encompass the required display gamut and the drive signals from 
a triad producing no negative drive signals are selected as the 
display primary drive signals. 

12. A method according to claim 11, in which at least tw6 of 
the selected triads overlap, the principle of hysteresis being 
used to control drive signal selection for the colours of 
neighbouring points in an image or the colours of the same point 
in successive images to limit the frequency of switching between 
triads for the generation of drive signals. 

13. Video display apparatus comprising; 

inputs for receiving input signals coded using n system 
primaries; 

display means for displaying an image using m display 
primaries, where m > n, and; 

decoder means coupling the inputs and the display means 
for decoding the input signals to produce display primary drive 
signals . 

14. Apparatus according to claim 13, in which for a colour to 
be displayed the decoder means evaluates display primary drive 
signals in terms of at least one triad of three display 
primaries selected from the available m display primaries or 
from one or more additional imaginary display primaries 
determined as linear combinations of two of the m display 
primaries, each triad comprising three display primaries of 
which none can be formed from a linear combination of the other 
two. 



IS. 



Apparatus according to claim 14, in which more than one 
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triad of display primaries is required to display all colours 
within an available gamut of display colours. 

16. Apparatus according to claim 15, in which the triads of 
display primaries are contiguous and do not overlap. 

17. Apparatus according to claim 15, in which the triads of 
display primaries overlap, the decoder means employing 
hysteresis to reduce switching between triads. 

18. Apparatus according to any of claims 15 to 17, in which 
the decoder means comprises; 

matrix arithmetic means for calculating display primary 
drive signals from the input signals based on each selected 
triad of display primaries; 

logic means coupled to the arithmetic means for detecting 
the presence of negative drive signals calculated by the 
arithmetic means; and 

switch means connected to the output of the arithmetic 
means and responsive to the logic means to switch to the display 
means only selected display primary drive signals based on one 
of the triads for which all the drive signals calculated are 
positive . 

19. Apparatus according to claim 18, in which the logic means 
comprises means for using hysteresis to control drive signal 
selection of the colours of neighbouring points in an image or 
the colours of the same point in successive images to limit the 
frequency of switching between drive signals generated using 
different triads. 



20. Apparatus according to any of claims 15 to 17, in which 
the display means uses four display primaries (m=4) which lie at 
the corners of a quadrilateral in a chromaticity diagram, the 
first, second, third and fourth display primaries lying at 
corners taken in order around the circumference of the 
quadrilateral, and an imaginary fifth display primary which is a 
linear combination of the third and fourth display primaries, 

and in which the decoder means comprises ; 

a matrix arithmetic means for calculating first, second, 
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and fifth display primary signals using a triad defined by the 
first, second and fifth display primaries ,- 

means for apportioning the fifth display primary signal 
into signals for the third and fourth display primaries,- 
means for multiplying the signals generated by the 
arithmetic means for the first and second display primaries by 
predetermined fixed coefficients and for sensing the sign 
(positive or negative) of the signals; and 

means for adding the multiplied first and second display 
primary signals, depending on their sign, to the first, second, 
third and fourth display primary signals to produce four display 
primary drive signals for driving the display unit. 

21. Apparatus according to any of claims 13 to 20, comprising 
a non-linearity decoder for substantially removing non-linearity 
from the input signals received before they are input to the 
decoder means. 



22. Apparatus according to any of claims 13 to 21, comprising 
a non-linearity coder coupled between the decoder means and the 
display means for applying any required non-linearity to the 
display primary drive signals. 

23. Video display apparatus decoder means substantially as 
described herein with reference to figure 4. 

24. video display apparatus decoder means substantially as 
described herein with reference to figure S. 
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